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INTRODUCTION TO QUANTUM
COMPUTING
AND INFORMATION
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Rashad

Hall

University Of Nevada, Las Vegas
Research Mentor Bernard Zygelman, Ph.d
3. EXPERIMENTATIONS

1. INTRODUCTION
• Quantum computing shows great
promise in solving problems that are
intractable on digital computing
platforms based on the classical
Turing model.
• In this project we employ an IBM
quantum computer to explore how
quantum gates, based on the principles
of quantum mechanics, differ from
classical gates.

Fig. 1.1 The classical NOT gate and its truth table.
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• Does a Hadamard gate act like a
noisy Identity or Not gate ?
• Can the results obtained in our
experiments be explained within the
classical paradigm?

Fig. 1.2 Diagrammatic representation of a simple
quantum circuit.
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Fig. 1.3 Outputs, following 1024
runs, of the circuit shown in Fig.
1.2. The initial quantum state 10>,
is shuttled through a Not gate
prior to being measured.
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We simulated
this experiment
1024 times and
the outcome
was the
quantum state
one which
is shown
vertically.
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Fig. 1.8 Diagrammatic representation of state 10>
being shuttled through three consecutive Hadamard gates.

q •

ID)

■ ■ ■

cl

ID)
Fig. 1.9 Measurement outcomes
for the circuit shown in Fig. 1.8.
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Fig. 1.5 Measurement outcomes for
the circuit shown in Fig. 1.4.
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Simulated 1024
times, we found
that there was a
50 % result
outcome that
returned 0 and
then the

~I~ ~ - -- - - - - - other 50%
Linear combination of experiment 2
following Born Rule

probability
returned state 1.

Using two
Hadamard
gates, W€
simulated the
experiment
1024 times,
and the
quantum
system stayed
in state O with
100%
probability.

Linear combination of experiment 3 following Born Rule
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Fig. 1.4 Diagrammatic representation of state 10>
being shuttled through a Hadamard gate.
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Fig.1.7 Measurement outcomes for the circuit shown
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• How does the principle of superposition, and the Born rule, explain the
results obtained in our experiments.
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2. RESEARCH
QUESTIONS

Fig. 1.6 Diagrammatic representation of state 10> being
shuttled through two consecutive Hadamard gates.
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Experimentation was
simulated 1024 times
and the probability
distribution result was
state1 indicated 50%
and state 0 indicated
50% probability
distribution.

4.OBSERVATIONS
The results shown in Fig. 1.4 suggests
that the Hadamard gate, producing
mixed outcomes of 0, and 1, might be a
noisy Identity, or Not gate. To test that
hypothesis we performed experiments
involving two Hadamard gates in series. In that case we found 100 % of the
outcomes had the value 0, suggesting
that two 1 consecutive Hadamard gates
act as an Identity operator. Finally, using three consecutive Hadamard gates
in the circuit, we again observed a 50%
chance for obtaining either 0, or 1.

5. CONCLUSION
Our observations suggest that the actions of a Hadamard gate do not fit within a classical gate model. For example,
if the Hadamard gate is a probabilistic
classical gate producing the two outcomes shown in Fig. 1.5, two consecutive applications of it cannot produce the
outcome illustrated in Fig. 1.7. To
explain this paradox we are forced to
resort to postulating the principle of
superposition, and the Born rule. We
have verified, by expressing the Hadamard gate as a quantum operator that
can mix quantum states. All the
measurement outcomes shown in the
figures above are consistent with
this interpretation.
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